The structure, elasticity, and magnetic properties of Prussian blue analogue GaFe(CN) 6 under external pressure ranges from 0 to 40 GPa were studied by first principles calculations. In the range of pressure from 0 to 35 GPa, GaFe(CN) 6 not only has the half-metallic characteristics of 100% spin polarization, but also has stable mechanical properties. The external pressure has no obvious effect on the crystal structure and anisotropy of GaFe(CN) 6 , but when the pressure exceeds 35 GPa, the half-metallicity of GaFe(CN) 6 disappears, the mechanical properties are no longer stable, and total magnetic moments per formula unit are no longer integer values.
Introduction
Whether spin-polarized electrons can be efficiently injected into semiconductor materials is one of the key technologies to realize spintronic devices [1] [2] [3] [4] [5] [6] . Previous studies have shown that magnetic materials with high spin polarizability can effectively inject spin-polarized electrons [7] [8] [9] [10] . Half-metallic ferromagnets with a high Curie temperature and nearly 100% spin polarizability undoubtedly become the most ideal spin electron injection source for semiconductors. Among the two different spin channels of half-metallic ferromagnets, one spin channel is metallic, while the other is insulating or a semiconductor [11] . Half-metallic ferromagnets are widely used in spin diodes, spin valves, and spin filters because of their unique electronic structure [12] [13] [14] [15] .
Since the first half-metallic ferromagnet was predicted by theory, after more than 30 years of development, half-metallic ferromagnetic materials have become a hot topic in materials science and condensed matter physics. Up to now, half-metallic ferromagnets have been found mainly as follows: ternary metal compounds represented by Heulser alloy [16] [17] [18] [19] , magnetic metal oxides [20, 21] , perovskite compounds [22, 23] , dilute magnetic semiconductors [24, 25] , zinc-blende type pnictides and chalcogenides [26, 27] , organic-inorganic hybrid compounds [28, 29] . Even some two-dimensional materials have half-metallic ferromagnets [30] [31] [32] [33] .
Prussian blue analogs are a class of metal-organic frameworks with a simple cubic structure, whose chemical formula can be expressed as A 2 M[M(CN) 6 ] (A = alkaline metal ions, zeolitic water; M/M'= Fe, Co, Mn, etc.) [34] . Prussian blue analogs often have simpler molecular configurations due to the existence of vacancy defects. In Prussian blue analogs, there is a large space between metal ions and -CN-groups, which can effectively accommodate alkali metal ions such as Li + , Na + , and K + . The open structure of Prussian blue analogs makes it exhibit excellent electrochemical performance [35] [36] [37] .
The magnetic study of Prussian blue analogs has also attracted people's attention for a long time. In 1999, Holmes et al. reported a compound KV[Cr(CN) 6 ] with a Curie temperature as high as
The magnetic study of Prussian blue analogs has also attracted people's attention for a long time. In 1999, Holmes et al. reported a compound KV[Cr(CN)6] with a Curie temperature as high as 376 K [38] . In 2003, Sato et al. proposed that electrochemical methods could be used to control the magnetism and Curie temperature of Prussian blue analogs [39] . They also pointed out that it was feasible and promising to control the magnetism of Prussian blue analogs by light. Half-metals have also been found in these compounds by studying the magnetism. Two well-defined Prussian blue analogues are predicted as half-metallicity using first principles [40] . In the present study, we will study the structure, elasticity, and magnetic properties of a new Prussian blue analogue GaFe(CN)6 under pressure and predict that the compound is half-metallic.
Materials and Methods
The projector augmented wave (PAW) [41] method encoded in the software Vienna Ab initio Simulation Package (VASP) [42] was performed during the calculations. The generalized gradient approximation (GGA) of the Perdew-Burke-Ernzerhof (PBE) functional is used as exchange correlation potential [43] . The electronic configurations-4s 2 4p 1 for Ga, 4s 2 3d 6 for Fe, 2s 2 2p 2 for C, and 2s 2 2p 3 for N-were treated as valence electrons in calculations. For the self-consistent calculation, the plane wave cutoff energy was chosen to be 400 eV. A mesh of 9 × 9 × 9 Monkhorst-Pack k-point was used. The convergence tolerances were selected as the difference in total energy and the maximum force within 1.0 × 10 −5 eV and 1.0 × 10 −2 eV/atom, respectively. Crystal structure characterization based on high resolution synchrotron radiation X-ray diffraction shows that the Prussian blue analogue of GaFe(CN)6 is a cubic crystal with space group 3 Fm m , as shown in Figure 1 . The structure of GaFe(CN)6 is formed with FeC6 and GaN6 octahedrons, which are equivalent to ABX3 type perovskite with vacancy in A site. In the structure of GaFe(CN)6, the -Ga-N≡C-Fe-chain is formed between gallium, carbon, nitrogen, and iron atoms. Experimentally, the lattice constant of GaFe(CN)6 was measured as 10.0641 Å at 273 K [36] , and the occupied positions of each atom in the structure are shown in Table 1 . In order to obtain the theoretical equilibrium lattice constant and the ground state properties of GaFe(CN) 6 , we constructed supercells based on experimental structural parameters and calculated the total energy of ferromagnetic (FM), non-magnetic (NM), and antiferromagnetic (AFM) states of GaFe(CN) 6 under different lattice constants. The ground state is determined based on the principle that the lower the energy is, the more stable the structure is. The total energies of GaFe(CN) 6 in FM, NM, and AFM states are drawn in Figure 2 . Obviously, FM states have lower total energy than NM and AFM states, which means the ferromagnetic state is the most stable for GaFe(CN) 6 . The equilibrium lattice constant obtained at the same time was 10.1883 Å. This result is slightly larger than the experimental result, and the deviation is 1.23% compared with the experimental result, which is within a reasonable range. The coordinates of the positions of the atoms in the equilibrium state of GaFe(CN) 6 are also listed in Table 1 . Excepting that the x coordinates of C and N atoms deviate from the experimental data, the other results are consistent with the experimental values.
Results and Discussion
In order to obtain the theoretical equilibrium lattice constant and the ground state properties of GaFe(CN)6, we constructed supercells based on experimental structural parameters and calculated the total energy of ferromagnetic (FM), non-magnetic (NM), and antiferromagnetic (AFM) states of GaFe(CN)6 under different lattice constants. The ground state is determined based on the principle that the lower the energy is, the more stable the structure is. The total energies of GaFe(CN)6 in FM, NM, and AFM states are drawn in Figure 2 . Obviously, FM states have lower total energy than NM and AFM states, which means the ferromagnetic state is the most stable for GaFe(CN)6. The equilibrium lattice constant obtained at the same time was 10.1883 Å. This result is slightly larger than the experimental result, and the deviation is 1.23% compared with the experimental result, which is within a reasonable range. The coordinates of the positions of the atoms in the equilibrium state of GaFe(CN)6 are also listed in Table 1 . Excepting that the x coordinates of C and N atoms deviate from the experimental data, the other results are consistent with the experimental values. In order to study the effect of pressure on the crystal structure of GaFe(CN) 6 , the pressure measurement of GaFe(CN) 6 was carried out at intervals of 5.0 GPa under pressure of 0-40 GPa. The variation of relative lattice constant a/a 0 and relative volume V/V 0 with pressure was obtained, as shown in Figure 3 . Among them, a 0 is the equilibrium lattice constant at 0 GPa and V 0 is the cell volume at 0 GPa. As can be seen from Figure 3 , the lattice constant decreases gradually with the increase of external pressure, resulting in the corresponding decrease of volume V and relative volume V/V 0 .
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In order to obtain the theoretical equilibrium lattice constant and the ground state properties of GaFe(CN)6, we constructed supercells based on experimental structural parameters and calculated the total energy of ferromagnetic (FM), non-magnetic (NM), and antiferromagnetic (AFM) states of GaFe(CN)6 under different lattice constants. The ground state is determined based on the principle that the lower the energy is, the more stable the structure is. The total energies of GaFe(CN)6 in FM, NM, and AFM states are drawn in Figure 2 . Obviously, FM states have lower total energy than NM and AFM states, which means the ferromagnetic state is the most stable for GaFe(CN)6. The equilibrium lattice constant obtained at the same time was 10.1883 Å. This result is slightly larger than the experimental result, and the deviation is 1.23% compared with the experimental result, which is within a reasonable range. The coordinates of the positions of the atoms in the equilibrium state of GaFe(CN)6 are also listed in Table 1 . Excepting that the x coordinates of C and N atoms deviate from the experimental data, the other results are consistent with the experimental values. In order to further understand the variation of structural parameters with pressure, the curve of Figure 3 is fitted and calculated, and the binary quadratic state equations of a/a 0 and V/V 0 of GaFe(CN) 6 and pressure are obtained, as shown below. Table 2 gives the structural parameters of GaFe(CN) 6 under pressure. The lattice constant at 40 GPa is 9.4828 Å, which is only 93.1% of the lattice constant at 0 GPa. The bond lengths of C-N, Ga-N, and Fe-C in the compounds decrease with the increase of pressure, which is mainly due to the compression of the volume of the compounds under pressure and the reduction of the spacing between atoms. The pressure from 0 to 40 GPa does not cause structural transition of GaFe(CN) 6 , because GaFe(CN) 6 still presents a cubic phase structure. Except for the x-direction coordinates of C and N atoms, the positions or coordinates of other atoms in compounds have not changed. The elastic constants are important parameters reflecting the mechanical stability of the compounds [44, 45] . At 0 GPa, the elastic constants C 11 , C 12 , and C 44 of GaFe(CN) 6 are 206.7, 53.2, and 54.6 GPa, respectively. The mechanical stability Born-Huang criteria of cubic crystal are expressed as [46, 47] :
The elastic constants of GaFe(CN) 6 at 0 GPa satisfy the above conditions, which means that GaFe(CN) 6 has stable mechanical properties in an equilibrium state. At the same time, it was noted that the unidirectional elastic constant C 11 is higher than C 44 , which indicates that GaFe(CN) 6 has weaker resistance to the pure shear deformation compared to the resistance of the unidirectional compression.
Some mechanical parameters can be calculated by elastic constants according to some formulas, which can be obtained in our previous studies [48] . The elastic anisotropy factor A is calculated by the following formula:
The elastic anisotropy factor A of GaFe(CN) 6 is 0.71; it is usually used to quantify the elastic anisotropy and the degree of elastic anisotropy of the compound. In general, the elastic anisotropic factor for isotropic crystals is A = 1, while for anisotropic crystals A 1. According to this criterion, GaFe(CN) 6 is an anisotropic compound. The Poisson's ratio, which reflects the binding force characteristics, is often between 0.25 and 0.50. The Poisson's ratio of GaFe(CN) 6 is 0.25, which is just in the range of values, meaning that the inter-atomic forces are central for the compounds. The Debye temperature of the GaFe(CN) 6 is 738.4 K, which is calculated from a formula in [47, 49] .
Under the isotropic pressure, the elastic constants are transformed into the corresponding stress-strain coefficients by the following expressions: B 11 = C 11 − P, B 12 = C 12 + P, B 44 = C 44 − P.
The mechanical stability of GaFe(CN) 6 under isotropic pressure is determined by the following formula [48, 50] :
The P in the formula above refers to the external pressure. The curves of B 11 − B 12 , B 11 + 2B 12 , and B 44 with pressure are plotted in Figure 4 . B 11 − B 12 and B 11 + 2B 12 increase with the increase of pressure, and also meet the mechanical stability criterion under pressure. When the pressure is greater than 35 GPa, the value of B 44 is negative, and the stability condition of B 44 is not satisfied. Generally speaking, when the external pressure of GaFe(CN) 6 is less than 35 GPa, its mechanical performance is stable. Once the external pressure exceeds 35 GPa, the mechanical performance of GaFe(CN) 6 is unstable. The elastic constants are important parameters reflecting the mechanical stability of the compounds [44, 45] . At 0 GPa, the elastic constants C11, C12, and C44 of GaFe(CN)6 are 206.7, 53.2, and 54.6 GPa, respectively. The mechanical stability Born-Huang criteria of cubic crystal are expressed as [46, 47] :
The elastic constants of GaFe(CN)6 at 0 GPa satisfy the above conditions, which means that GaFe(CN)6 has stable mechanical properties in an equilibrium state. At the same time, it was noted that the unidirectional elastic constant C11 is higher than C44, which indicates that GaFe(CN)6 has weaker resistance to the pure shear deformation compared to the resistance of the unidirectional compression.
Some mechanical parameters can be calculated by elastic constants according to some formulas, which can be obtained in our previous studies [48] . The elastic anisotropy factor A is calculated by the following formula: From 0 to 40 GPa, elastic anisotropy factor A becomes smaller and smaller, and the anisotropic characteristics of GaFe(CN) 6 become more obvious. At the same time, the bulk modulus increases from 104.3 to 208.8 GPa, and the Debye temperature reaches 798.5 K. The increase in pressure makes the atoms more closely linked, which makes the compound's stiffness.
The spin-polarized band structures and density of states of GaFe(CN) 6 at 0 GPa are depicted in Figure 5 . It can be clearly seen that the conduction band minimum (CBM) and valence band maximum (VBM) in majority-spin are located at the same highly symmetric G-point, and a band gap of 4.01 eV is formed between the conduction band and the valence band, indicating that this spin direction has insulator behavior. The bands pass through the Fermi level in minority-spin to exhibit a metallic feature. According to the band theory of quantum solid, GaFe(CN) 6 is a half-metal with 100% spin polarization. 
The elastic anisotropy factor A of GaFe(CN)6 is 0.71; it is usually used to quantify the elastic anisotropy and the degree of elastic anisotropy of the compound. In general, the elastic anisotropic factor for isotropic crystals is A = 1, while for anisotropic crystals A ≠ 1. According to this criterion, GaFe(CN)6 is an anisotropic compound. The Poisson's ratio, which reflects the binding force characteristics, is often between 0.25 and 0.50. The Poisson's ratio of GaFe(CN)6 is 0.25, which is just in the range of values, meaning that the inter-atomic forces are central for the compounds. The Debye temperature of the GaFe(CN)6 is 738.4 K, which is calculated from a formula in [47, 49] .
Under the isotropic pressure, the elastic constants are transformed into the corresponding stress-strain coefficients by the following expressions: B11 = C11 − P, B12 = C12 + P, B44 = C44 − P.
The mechanical stability of GaFe(CN)6 under isotropic pressure is determined by the following formula [48, 50] :
The P in the formula above refers to the external pressure. The curves of B11 -B12, B11 + 2B12, and B44 with pressure are plotted in Figure 4 . B11 -B12 and B11 + 2B12 increase with the increase of pressure, and also meet the mechanical stability criterion under pressure. When the pressure is greater than 35 GPa, the value of B44 is negative, and the stability condition of B44 is not satisfied. Generally speaking, when the external pressure of GaFe(CN)6 is less than 35 GPa, its mechanical performance is stable. Once the external pressure exceeds 35 GPa, the mechanical performance of GaFe(CN)6 is unstable.
From 0 to 40 GPa, elastic anisotropy factor A becomes smaller and smaller, and the anisotropic characteristics of GaFe(CN)6 become more obvious. At the same time, the bulk modulus increases from 104.3 to 208.8 GPa, and the Debye temperature reaches 798.5 K. The increase in pressure makes the atoms more closely linked, which makes the compound's stiffness. The spin-polarized band structures and density of states of GaFe(CN)6 at 0 GPa are depicted in Figure 5 . It can be clearly seen that the conduction band minimum (CBM) and valence band maximum (VBM) in majority-spin are located at the same highly symmetric G-point, and a band gap of 4.01 eV is formed between the conduction band and the valence band, indicating that this spin direction has insulator behavior. The bands pass through the Fermi level in minority-spin to exhibit a metallic feature. According to the band theory of quantum solid, GaFe(CN)6 is a half-metal with 100% spin polarization. Figure 6 presents the total and local density of state of GaFe(CN) 6 at 0 GPa. It can be clearly seen that the half-metallic behavior of GaFe(CN) 6 is mainly due to the formation of spin splitting in the vicinity of the Fermi level by the 3d states of the Fe atom and the 2p states of the N atom. The 3d states of the Fe atom and the 2p states of the N atom have obvious spin hybridization in the energy range of −1.01 to 0.35 eV. The 3d state of the Fe atom is also the most important contributor to the total density of GaFe(CN) 6 . From the magnetic properties generated by spin splitting, it can be inferred that Fe atoms are also the main source of GaFe(CN) 6 magnetic moment. In the energy range of −2.7 to −1.01 eV, the density of states is mainly derived from the C-2p, N-2p, and Ga-4P states, and the 3d of the Fe atom has little contribution in this region. Figure 6 presents the total and local density of state of GaFe(CN)6 at 0 GPa. It can be clearly seen that the half-metallic behavior of GaFe(CN)6 is mainly due to the formation of spin splitting in the vicinity of the Fermi level by the 3d states of the Fe atom and the 2p states of the N atom. The 3d states of the Fe atom and the 2p states of the N atom have obvious spin hybridization in the energy range of −1.01 to 0.35 eV. The 3d state of the Fe atom is also the most important contributor to the total density of GaFe(CN)6. From the magnetic properties generated by spin splitting, it can be inferred that Fe atoms are also the main source of GaFe(CN)6 magnetic moment. In the energy range of −2.7 to −1.01 eV, the density of states is mainly derived from the C-2p, N-2p, and Ga-4P states, and the 3d of the Fe atom has little contribution in this region. The electronic structure calculation of pressure from 0 to 40 GPa shows that the minority-spin direction of GaFe(CN)6 always shows metallic behavior. In this case, the physical properties of GaFe(CN)6 under pressure are basically determined by the majority-spin electronic states. Figure 7 depicts the CBM and VBM in majority-spin of GaFe(CN)6 as a function of pressure. With the increase of pressure, both CBM and VBM move towards high energy. Once the pressure is greater than 35 GPa, VBM will cross the Fermi level and make GaFe(CN)6 majority-spin also show metallic behavior. In this way, the half-metallicity of GaFe(CN)6 will disappear. It is worth noting that, as can be seen from Figure 7 , the density of states across the Fermi level at 40 GPa is very low. This means The electronic structure calculation of pressure from 0 to 40 GPa shows that the minority-spin direction of GaFe(CN) 6 always shows metallic behavior. In this case, the physical properties of GaFe(CN) 6 under pressure are basically determined by the majority-spin electronic states. Figure 7 depicts the CBM and VBM in majority-spin of GaFe(CN) 6 as a function of pressure. With the increase of pressure, both CBM and VBM move towards high energy. Once the pressure is greater than 35 GPa, VBM will cross the Fermi level and make GaFe(CN) 6 majority-spin also show metallic behavior. In this way, the half-metallicity of GaFe(CN) 6 will disappear. It is worth noting that, as can be seen from Figure 7 , the density of states across the Fermi level at 40 GPa is very low. This means that the material may not be able to hold enough free electrons and therefore has poor conductivity or metallicity. Figure 6 presents the total and local density of state of GaFe(CN)6 at 0 GPa. It can be clearly seen that the half-metallic behavior of GaFe(CN)6 is mainly due to the formation of spin splitting in the vicinity of the Fermi level by the 3d states of the Fe atom and the 2p states of the N atom. The 3d states of the Fe atom and the 2p states of the N atom have obvious spin hybridization in the energy range of −1.01 to 0.35 eV. The 3d state of the Fe atom is also the most important contributor to the total density of GaFe(CN)6. From the magnetic properties generated by spin splitting, it can be inferred that Fe atoms are also the main source of GaFe(CN)6 magnetic moment. In the energy range of −2.7 to −1.01 eV, the density of states is mainly derived from the C-2p, N-2p, and Ga-4P states, and the 3d of the Fe atom has little contribution in this region. The electronic structure calculation of pressure from 0 to 40 GPa shows that the minority-spin direction of GaFe(CN)6 always shows metallic behavior. In this case, the physical properties of GaFe(CN)6 under pressure are basically determined by the majority-spin electronic states. Figure 7 depicts the CBM and VBM in majority-spin of GaFe(CN)6 as a function of pressure. With the increase of pressure, both CBM and VBM move towards high energy. Once the pressure is greater than 35 GPa, VBM will cross the Fermi level and make GaFe(CN)6 majority-spin also show metallic behavior. In this way, the half-metallicity of GaFe(CN)6 will disappear. It is worth noting that, as can be seen from Figure 7 , the density of states across the Fermi level at 40 GPa is very low. This means The effect of pressure on the electronic structure of GaFe(CN) 6 can also be confirmed by Figure 8 . In Figure 8 , we can see that the minority-spin electronic states are hardly affected by external pressures. A slightly more obvious feature is that the conduction band in the high energy region moves toward a higher energy position as the pressure increases. However, this does not change the metallicity of the minority-spin direction. The electronic structure in majority-spin changes are consistent with the analysis in Figure 7 . When the pressure is 40 GPa, the valence band in majority-spin crosses the Fermi level.
Appl. Sci. 2019, 9, x FOR PEER REVIEW 7 of 10 that the material may not be able to hold enough free electrons and therefore has poor conductivity or metallicity. The effect of pressure on the electronic structure of GaFe(CN)6 can also be confirmed by Figure  8 . In Figure 8 , we can see that the minority-spin electronic states are hardly affected by external pressures. A slightly more obvious feature is that the conduction band in the high energy region moves toward a higher energy position as the pressure increases. However, this does not change the metallicity of the minority-spin direction. The electronic structure in majority-spin changes are consistent with the analysis in Figure 7 . When the pressure is 40 GPa, the valence band in majority-spin crosses the Fermi level.
At 0 GPa, the total magnetic moment per formula unit of GaFe(CN)6 is 1.0 μB, which is very consistent with the characteristic that the molecular magnetic moment of half-metallic magnetic materials is an integral value. The local magnetic moments of Fe, Ga, C, and N atoms are 0.765 μB, -0.007 μB, -0.018 μB, and 0.035 μB, respectively. Obviously, Fe atoms are the most important contributors to the magnetic properties of GaFe(CN)6. The local magnetic moments of Ga, C, and N atoms are very small. Because these three atoms have no magnetism, their magnetic moments are mainly induced by the influence of the Fe atom. In -Ga-N-C-Fe-chemical chains, the local magnetic moments between them show a sign change of −/+/−/+, which means that there is antiferromagnetic coupling between these atoms. At 0 GPa, the total magnetic moment per formula unit of GaFe(CN) 6 is 1.0 µ B , which is very consistent with the characteristic that the molecular magnetic moment of half-metallic magnetic materials is an integral value. The local magnetic moments of Fe, Ga, C, and N atoms are 0.765 µ B , −0.007 µ B , −0.018 µ B , and 0.035 µ B , respectively. Obviously, Fe atoms are the most important contributors to the magnetic properties of GaFe(CN) 6 . The local magnetic moments of Ga, C, and N atoms are very small. Because these three atoms have no magnetism, their magnetic moments are mainly induced by the influence of the Fe atom. In -Ga-N-C-Fe-chemical chains, the local magnetic moments between them show a sign change of −/+/−/+, which means that there is antiferromagnetic coupling between these atoms. Figure 9 shows the total and local magnetic moments of GaFe(CN) 6 under pressure. From 0 to 35 GPa, the total magnetic moment per formula unit of GaFe(CN) 6 is 1.0 µ B . In this pressure range, GaFe(CN) 6 has half-metal characteristics. When the pressure exceeds 35 GPa, GaFe(CN) 6 is no longer a half-metal and its molecular magnetic moment is no longer an integral value. The local magnetic moment of the Fe atom decreases with the increase of pressure, while the induced magnetic moment of the N atom increases slightly, although its value is very small. The local magnetic moments of Ga and C atoms are hardly affected by pressure. From the local magnetic moment signs of Ga, N, C, and Fe atoms, the change of pressure has no effect on the antiferromagnetic coupling of -Ga-N-C-Fechemical chains.
At 0 GPa, the total magnetic moment per formula unit of GaFe(CN)6 is 1.0 μB, which is very consistent with the characteristic that the molecular magnetic moment of half-metallic magnetic materials is an integral value. The local magnetic moments of Fe, Ga, C, and N atoms are 0.765 μB, -0.007 μB, -0.018 μB, and 0.035 μB, respectively. Obviously, Fe atoms are the most important contributors to the magnetic properties of GaFe(CN)6. The local magnetic moments of Ga, C, and N atoms are very small. Because these three atoms have no magnetism, their magnetic moments are mainly induced by the influence of the Fe atom. In -Ga-N-C-Fe-chemical chains, the local magnetic moments between them show a sign change of −/+/−/+, which means that there is antiferromagnetic coupling between these atoms. 
Conclusions
First principles calculations were performed to study the structure, elasticity, and magnetism of a Prussian blue analogue GaFe(CN) 6 under external pressure ranges from 0 to 40 GPa. The crystal structure obtained by theoretical optimization was very close to the experimental structure, and the external pressure had no obvious effect on the cubic structure of GaFe(CN) 6 . In the range of pressure from 0 to 35 GPa, GaFe(CN) 6 was an anisotropic compound with stable mechanical properties. It also was a half-metallic magnetic material with 100% spin polarization, and its total magnetic moment per formula unit was 1.0 µ B . When the pressure exceeded 35 GPa, the mechanical properties were no longer stable, the half-metallicity of GaFe(CN) 6 disappeared, and the magnetic moment no longer had the typical characteristics of half-metallic magnetic materials, that is, the total magnetic moment per formula unit was no longer an integer value. In terms of magnetism, iron atoms are the most important contributors to GaFe(CN) 6 magnetism in the whole pressure range.
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